STUDIES ON THE QUANTITATIVE ACTION OF A SPECIFIC ENZYME IN TYPE III PNEUMOCOCCUS DERMAL INFECTION IN RABBITS by Goodner, Kenneth & Dubos, René
STUDIES ON THE QUANTITATIVE ACTION OF A SPECIFIC 
ENZYME  IN  TYPE  III  PNEUMOCOCCUS  DERMAL 
INFECTION  IN  RABBITS 
BY KENNETH GOODNER, PH.D., Aim REN]~ DUBOS, PH.D. 
(From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication,  June 3, 1932) 
Avery and Dubos (1-3) have reported the isolation of a bacterium 
capable  of  specifically decomposing the  capsular  polysaccharide of 
Pneumococcus  Type III.  This decomposition  was shown to be due to 
the action of an intracellular enzyme which could be extracted in active 
form from the bacilli.  Potent preparations of this enzyme protected 
mice  against  infection with  virulent  Type  III  Pneumococcus and 
exerted a curative action on an infection already established. 
Recently we have reported that this enzyme, when used in sufficient 
amounts and under stated conditions, was capable of bringing about a 
favorable and early termination of the experimental disease induced by 
infecting rabbits intradermally with Type III Pneumococcus (4). 
A strain of Type III Pneumocoecus which was especially virulent for rabbits was 
used in producing the characteristic  infection described in detail in previous papers 
(5-8).  An edematous lesion makes its appearance at the point of inoculation in the 
skin of the rabbit's flank and rapidly spreads ventrally, creating within 15 to 20 
hours a widespread lesion most pronounced in the dependent  portions of the skin. 
With the development of the local lesion there is a rapid elevation of body tempera- 
ture and this remains at high levels until death or eventual recovery.  Pneumococci 
escape from the lesion into the general  circulation  and create a  bacteriemia  of 
varying but generally increasing severity.  Following the intravenous injection of 
large quantities  of enzyme 24 hours after infective inoculation, a large majority of 
the animals survived.  The injection of the enzyme is followed immediately by the 
disappearance  of organisms from the blood stream.  The temperature at first rises 
but within a few hours begins to fall and normal levels are generally reached within 
24 hours.  With the subsidence of the bacteriemia  and the fall in temperature the 
local lesion begins to show signs of healing and the skin eventually returns to its 
normal state.  Successful experiments were also reported in which smaller amounts 
of enzyme were injected repeatedly over a period of days. 
This earlier work was chiefly concerned with the qualitative aspects of the prob- 
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lem.  However, the results indicated  that large quantities  of enzyme appeared  to 
be  necessary  for  successful  therapy  in  rabbits  which  had  a  high  bacteriemia 
while  smaller  amounts  seemed  adequate  in  animals  having a lesser number of 
organisms in the blood at the time of treatment. 
The experiments reported in the present paper deal with the quanti- 
tative  factors  involved  in  the  action  of  the  specific  enzyme in  this 
experimental  disease. 
EXPERIMENTAL 
The  general  plan  of  these  experiments  was  to  give  each  infected 
rabbit one intravenous injection of a determined amount of enzyme 24 
hours after infective inoculation.  For the most part the experimental 
methods were the same as those reported in the previous paper (4). 
Culture.--The  rabbit-virulent strain  of  Type  III Pneumococcus  was  main- 
tained in rabbit blood broth with frequent animal passage.  Virulence for rabbits 
was such that 0.000,01 cc., given intradermally,  caused death or a protracted dis- 
ease of severe character. 
Infection.--Healthy  male rabbits weighing from 1,800 to 2,000 gin. were used. 
Animals were injected intradermally,  at a site midway on the flank area, with 0.2 
cc. of a dilution  of the culture containing  the desired number of organisms.  In 
this series certain of the animals received 0.001 cc. of culture; others, for reasons to 
be mentioned below, received 0.2 cc. 
Enzyme Preparations.--The  enzyme preparations  used  in  these  experiments 
were, for the larger part, purified and concentrated lots prepared by the method 
described by Dubos (9).  The potency was carefully  determined  by the method 
previously  described. 
Enzyme Injections.--Each  treated animal received a single injection  of enzyme 
24 hours after infective inoculation.  The desired amount of the enzyme prepara- 
tion was warmed to 37°C., and injected intravenously at a rate not greater than 1.5 
cc. per minute. 
Blood Cultures.--The number of organisms per cc. of blood was determined by a 
procedure  previously  described  in detail  (5).  In brief,  the method consists  in 
plating 0.4 cc.  of blood  taken from the  marginal ear vein with  an accurately 
gradffated syringe.  It is obvious that this method is open to many experimental 
errors and that counts so obtained are not entirely accurate.  An analysis of the 
results, however, shows that they are relatively significant. 
The  estimation  of  the  number  of pneumococci in  the  circulating 
blood takes no account of the number in the lesion.  This cannot be 
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number of pneumococci present is usually found not to be extremely 
large.  However, a large number may be present in the tissues.  The 
number in the lesion undoubtedly varies within limits depending upon 
the amount of the tissue involved, and possibly upon other unknown 
factors. 
Dubos and Avery (2) have shown by experiments in vitro that, after 
a  definite incubation period,  the total  amount of specific substrate 
decomposed bears a quantitative relationship to the concentration and 
activity of the enzyme preparation used.  If it were possible to apply 
this finding to experimental infections, the minimal amount of enzyme 
necessary to bring about recovery should bear a  quantitative relation- 
ship to the amount of specific capsular polysaccharide in the animal 
body.  This substance is of course associated with the pneumococci 
but may also  be present in  a  free form entirely detached from the 
bacteria.  It is technically  impossible to determine the total amount of 
the specific polysaccharide in the infected animal or even to estimate 
the total number of pneumococci.  The nearest approximation is the 
determination of the number of viable pneumococci in the circulating 
blood.  Other factors being the same,  the degree of blood infection 
should,  on theoretical grounds, bear some quantitative relationship 
to the amount of enzyme necessary to bring about recovery.  When 
no invasion of the blood has occurred this relationship, of course, would 
not hold. 
As the experimental work progressed it became apparent that the 
amount of enzyme necessary to bring about recovery was definitely 
related to the number of organisms in the blood stream.  It therefore 
became desirable to  study a  large number of animals showing wide 
variations in the degree of blood infection.  With an infective amount 
of 0.001 cc. of culture there was considerable individual variation in the 
animals, the number of organisms per cc. of circulating blood varying 
from 5 to 10,000, the higher numbers being exceptional.  In order to 
insure an  early and massive blood invasion the infective inoculum 
was increased to 0.2 cc., an amount 200 times greater than that pre- 
viously used.  This gave rise to an infection which differed from the 
previous one only in that it was much more rapidly fatal if untreated 
and in that the numbers of pneumococci  per cc. of blood were relatively 
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the series of animals reported in this paper about one-half have been 
infected with 0.2 cc. and one-half with 0.001 cc. of culture. 
An apparently insurmountable  difficulty was that at the time of treatment there 
was no knowledge of the number of pneumococci in the blood stream.  This in- 
formation  is necessarily not available  until  24 hours thereafter.  In the hope of 
finding  some index  of the bacteriemia which might be available at once, we have 
compared the number of organisms in the blood stream with the height of the tem- 
perature,  the temperature trend, the leukocyte count, the trend of this count, the 
appearance  and magnitude of the lesion, and the weight trend.  No satisfactory 
correlation  was  obtained  with  any of these  factors.  Because  of this  fact the 
amounts of enzyme given have been arbitrarily chosen. 
The Amount of Enzyme and the Outcome of the Disease 
We have now studied a  series of 85 rabbits of which 61 have been 
treated with a definite amount of enzyme 24 hours after infective inocu- 
lation.  The others have served as controls.  The data on this series 
of animals are shown in Table I.  The animals have been arranged in 
groups depending on the numbers of organisms in the blood stream at 
the time of treatment.  Thus in  Group A  are placed the  animals  in 
which the blood cultures were negative; in Group B, those with 3 to 10 
organisms per  cc.;  etc.  In each  group the  animals  are  arranged  in 
series  according to  the  amounts  of enzyme each  received.  In  each 
instance the degree of bacteriemia and the results of the treatment are 
indicated. 
Group A.---Of six untreated controls, one survived.  Among the treated animals 
there were scattering deaths until the amount of enzyme used was greater than 
2.5 units.  Even in these fatal cases, however, death occurred, on an average, over 
4 days later than in the controls.  When 3 or more units were used, all animals 
survived. 
Group B.--In this group are included those animals in which the blood cultures 
showed from 3 to 10 organisms per cc.  The smallest  amount of enzyme used in 
this group was 2.5  units.  All  these  animals  survived  whereas  the  untreated 
controls died. 
Group C.--In the animals  in this group,  at the time of treatment,  11  to 100 
organisms per cc. of blood were found.  An apparent irregularity  is caused by the 
fact that one animal died after receiving 10 units of enzyme whereas another sur- 
wived after only 6.6 units.  However, it should be noted that the bacteriemia  was 
much higher in the former animal.  The minimal amount of enzyme efficacious in 
this group, therefore, was between 10 and 20 units. K,  GOODNER  AND  R.  DUBOS  525 
TABLE  I 
R~ts  ~  the Administr~ion ~  Various Amounts ~  Spec~c Enzyme in Infected 
Rabbits Having Va~ing Numb~s ~  T~pe III Pneumococci per Cc. ~ Blood 
Determined amounts of enzyme preparations injected intravenously into rabbits 24 hrs. after infective inocu- 
lation with Tyl~e III Pneumococcus 
Group 
B 
Rabbit 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Bacteriemia at 24 hrs.  Units of enzyme 
Negative 
c~ 
c~ 
c~ 
~c 
cc 
~c 
~c 
~c 
cc 
c~ 
None 
~c 
c~ 
~c 
1 
1.25 
2 
2 
2.5 
2.5 
3 
3 
6.6 
10 
20 
18 
19 
20 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
10 
5 
5 
3 
3 
3 
3 
3 
10 
10 
5 
8 
10 
10 
85 
78 
52 
40 
100 
100 
100 
None 
~¢ 
2.5 
6.6 
10 
17.5 
20 
50 
100 
100 
100 
100 
~one 
Result 
D  114 
"  88 
"  70 
~  64 
"  53 
S 
~c 
D  162 
S 
D  192 
"  190 
S 
~4 
~C 
¢~ 
CC 
~C 
~C 
CC 
D  84 
"  51 
"  150 
S 
¢c 
c~ 
~c 
cc 
~c 
c~ 
D  111 
"  36 
"  55 
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TABLE  I--Continued 
Determined amounts of enzyme  preparations injected intravenously  into rabbits 24 hrs. after infective inocu- 
lation with Type III Pneumococcus 
Group  Rabbit  Bacteriemia  at 24 hrs,  Units of enzyme  Result 
C--concluded 
D 
E 
F 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
13 
23 
20 
15 
73 
16 
48 
55 
25 
20 
789 
345 
210 
140 
630 
345 
315 
580 
103 
255 
265 
180 
457 
165 
157 
5,040 
2,400 
3,760 
7,840 
5,080 
8,120 
6,720 
1,760 
¢o 
co 
co 
co 
25,440 
None 
3 
3 
6.6 
10 
20 
37.5 
5O 
100 
100 
None 
4 
5 
5 
6.6 
10 
20 
26.6 
37.5 
100 
100 
100 
None 
4 
13.3 
17.5 
18 
20 
5O 
None 
1 
1.25 
D  62 
"  40 
"  108 
S 
D  68 
S 
c~ 
cc 
D  60 
"  51 
"  86 
"  86 
"  150 
"  105 
"  120 
"  72 
"  88 
S 
tc 
~c 
tc 
cc 
D  42 
"  77 
"  102 
"  112 
"  114 
"  58 
"  60 
S 
D  39 
"  40 
"  38 
"  40 
"  40 K.  GOODNER  AND  R.  DUBOS 
TABLE  I--Concluded 
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Determined amounts of enzyme preparations injected intravenously into rabbits 24 hrs. after infective inocu- 
lation with Type III Pneumococcus 
Group  Rabbit  Bacteriemla at 24 hrs,  Units of enzyme  Result 
F--concluded  6 
7 
8 
9 
10 
11 
12 
13 
14 
20,880 
13,440 
37,120 
35,840 
26,580 
5 
17.5 
17.5 
20 
20 
20 
100 
100 
100 
D  66 
"  140 
"  88 
"  70 
"  80 
~t  60 
"  30 
"  36 
"  26 
S  =  survival of animal.  D  =  death of animal, at indicated number of hours 
after infective inoculation.  ~  =  number too great to estimate. 
Group D.--The animals in this group showed 100 to 1,000 organisms per cc. of 
blood.  In  this  group  all animals which received 20  or more units  of enzyme 
recovered.  The controls died somewhat earlier than those of the preceding groups 
but again the average length of life of the treated animals which died was a day and 
a half longer than that of the controls. 
Group E.--In this group are listed the animals with blood cultures showing 1,000 
to 10,000 pneumococci per cc.  The degree of bacteriemia in this group was very 
high.  In spite of this the animal which received the largest amount of enzyme, 
50  units,  recovered.  Moreover,  the  animals  treated  with  smaller  amounts, 
although they did not recover, nevertheless lived somewhat longer than did the 
controls. 
Group F.--In these animals there were present  10,000  or more pneumococci 
per cc. of blood.  The administration of the enzyme, even as much as 100 units, 
was without favorable result in these cases.  Although in this series of animals 
receiving but a single injection none recovered, infections of this order have been 
successfully treated by repeated injections of large amounts  of enzyme over a 
period of days. 
Considering  Table  I  as  a  whole  it  becomes  obvious  that  larger 
amounts  of enzyme  are necessary as the number  of organisms in the 
blood becomes  greater.  Thus  6.6  units  of  enzyme  were  sufficient to 
bring about  recovery in  an  animal showing  15  organisms per  cc.  of 
blood, 20 units sufficed in an animal having 255 organisms per cc., 50 
units  were  required in  an  animal with  1,760  organisms per cc.; how- 
ever, a  single injection of even 100 units failed to bring about recovery 
when the number of bacteria per cc. of blood exceeded 20,000. 528  SPECITIC ENZYME  FOR  TYPE  HI PNE~OCOCCUS 
These results are  best illustrated by a  graphic presentation as  in 
Text-fig. 1.  It will be noted that in general the symbols indicating 
the fatalities occupy one section of the figure whereas those which indi- 
cate the survivals occupy another.  The data are not sufficient to allow 
of the actual plotting of a curve which might separate these areas but a 
broken line has been drawn which indicates roughly the two zones. 
The results are not sharply defined in that portion of the chart repre- 
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TEXT-Fro.  I. Results of  the  administration of various amounts  of specific 
enzyme in infected rabbits having varying numbers of Type III pneumococci  per 
cc. of blood.  A broken line indicates a suggested boundary between zones of 
effective and non-effective  therapy.  In three instances the day of death is indi- 
cated by small numerals. 
senting the animals in which the blood cultures were negative and the 
amounts of enzyme employed were very small.  It is believed that this 
is due to the fact that in these animals the results depend entirely on 
the number of organisms found in the lesion and this may of  course 
vary in individual animals. 
It may be pointed out that, as the number of pneumococci in the K, G00DNER  ANDR.  DUB0S  529 
blood increases, the increase in the relative amount of enzyme neces- 
sary to combat the infection becomes less. 
DISCUSSION 
This study  has shown that  the amount of  enzyme necessary  to  bring 
about recovery in the infected rabbit bears a definite relationship to the 
number of organisms present in the blood stream at the time of treat- 
ment.  Thus,  in  animals with  negative blood  cultures or with bac- 
teriemia of low grade, an amount of enzyme as small as 5 units may 
save the life of the animal; with a bacteriemia of 100 to 1,000 organ- 
isms per cc. of blood, 20 units may be necessary; with a bacteriemia of 
1,000 to 10,000 organisms per cc., 50 units were necessary.  In animals 
in which the bacteriemia exceeded 10,000  organisms per cc. a  single 
injection of even 100 units was not effectual in saving the life of the 
animal,  although,  as  previously mentioned, infections of this  order 
have been successfully treated by repeated injections of large amounts 
of enzyme over a period of days. 
Although the quantitative relationship established in these exper- 
iments is between the amount of enzyme and the number of pneumo- 
cocci present in the blood, the fundamental relationship is that between 
the  quantity of  enzyme and  the  total  amount  of specific  capsular 
polysaccharide present in the body.  The degree of bacteriemia serves 
merely as an index of the latter. 
The enzyme is not a therapeutic substance per se, but one which, by 
decomposing the capsular substance of the pneumococci and thus pre- 
paring the bacterial cells for phagocytosis, initiates a  process which 
the body must be in a condition to carry on if the animal is to recover. 
Hence, in the use of the enzyme, this capacity of the body to complete 
the reaction must be reckoned with. 
SUMMARY 
The  enzyme  which  specifically  decomposes  the  capsular  poly- 
saccharide of Type Ill Pneumococcus must be used in certain definite 
amounts in order to bring about the recovery of rabbits infected intra- 
dermally with this organism.  The experiments reported in this paper 
indicate that the minimal amounts of enzyme required bear a definite 
relationship to the severity of the infection as gauged by the number of 
pneumococci present in the circulating blood. 530  SPECIFIC ENZYME FOR  TYPE III  PNEUMOCOCCUS 
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